Our work on white dwarf asteroseismology is aimed at the larger goal of understanding white dwarf constitutive physics, determining their basic parameters to help us understand stellar evolution and to use the white dwarf stars as chronometers to interpret the history and evolution of our Galaxy and thereby the Universe itself. Since the last workshop, we have made rapid progress in our understanding of the pulsating white dwarfs and pre-white dwarf stars with the Whole Earth Telescope since the last workshop. Much of this progress, summarized elsewhere in these proceedings, extends our understanding of individual objects. We have also opened two new avenues for progress by demonstrating that the cool DAV and PNNV stars are normal mode pulsators with rich multi-mode power spectra. Most of our information has come from the analysis of frequencies assumed to be time independent. Other roads to understanding have remained less travelled. These include amplitude and phase information, as well as time dependence of all the observables. In the spirit of the workshop, I speculate on where these roads may take us.
Where are we now?
Whole-disk observations of pulsating variables restrict us to three sets of observables: frequency, v{t)\ phase, <f>(t)\ and amplitude, A(t). We have dabbled briefly in measuring <f>(t) -in the context of dP/dt for several stars and using A(t -t Q ) to constrain inclination angles of the line of sight to the pulsation axis. We have for the most part concentrated on determining a set of Vi(t = t 0 ) from the largest amplitude observable power. We interpret these frequencies as representing normal modes and compare their distribution with theoretical model calculations. With this kind of analysis we have been extremely successful in determining many of the basic parameters of several white dwarf and pre-white dwarf stars. These include total mass, luminosity, stratification of surface composition, magnetic field strength estimates, rotation and through the luminosity even a distance. This approach has been reviewed by several of us in several places, including the last WET workshop proceedings (Baltic Astronomy, Vol. 2, No. 3/4, 1993) .
My purpose in this, rather than to rehash old glories, is to touch briefly on ideas for promising new avenues of investigation. Although I am sure some of these broad avenues of speculations will turn out to narrow down to mere goat-paths leading nowhere, it is my hope that some will point us in productive new directions.
The PNNV stars and the cool DA's are normal mode pulsators
By the time of the last WET workshop we had demonstrated that the DOV, DBV and hot DA stars were sensible normal mode pulsators (see reviews by Nather and Clemens and references therein). Scot Kleinman demonstrates in these proceedings that G 29-38 and several other cool, large-amplitude pulsators are normalmode pulsators. He does this by collecting frequencies which recur in a data set spanning many years of observations. During the WET run on RXJ 2117, Steve Kawaler noticed that we had several peaks with a frequency ratio of very nearly y/d/s in the power spectrum. While we were still puzzling over this unexpected result, Steve found the same ratios present in transforms of archival data sets on other PNNVs. At first, this seemed completely unintelligible since the signature of g-modes is an approximately uniform period spacing. Eventually the frequency ratio led us to suspect mode trapping -frequency ratios occur naturally in resonance phenomena, and this is exactly what mode trapping is. Indeed the formula developed by Carl Hansen in 1984 and applied to pulsators in this part of the H-R diagram by Kawaler and Bradley (1994) indicates that the ratio of successive trapped mode periods (or the inverse for frequency) in a compositional layer is:
where the i refers to the trapping order index -the number of nodes in the eigenfunction in the trapping region, and Aj is related to the zeros of the Bessel function. With this realization, we are able to conclude that the dominant power in the PNNV stars is due to trapped nonradial g-modes, and that these stars are also normal mode pulsators.
With the PNNV and the cool DAV stars we have added both extreme ends of the cooling sequence to our list of candidate stars for detailed asteroseismological analysis. This is extremely important in both cases. PNN stars are important in the distance pyramid, and anything we learn about their structure and evolution can only help us with this. Most importantly, we should be able to use asteroseismological techniques to determine their absolute luminosity, or at least constrain it significantly, thereby producing a distance measurement.
The cool DAV stars are the oldest and therefore the most useful for calibrating white dwarf cosmochronology. I want to point out here, that the DAV stars have yielded up the first chance to test our ideas about internal crystallization in BPM 37093 (WD 1236-495) . Comparison of the effective temperature and mass of stars from the spectroscopic work of Beregeron et al. (1995) with the cooling sequences of Wood (1990 Wood ( , 1991 , indicates that, no matter what is the interior composition (as long as it is heavier than pure carbon), we expect it to be crystallized through a substantial mass fraction. We must make the study of this object a high priority in order to provide asteroseismological constraints on the process of crystallization. This will help us to bring the process of crystallization into the domain of observation and thereby reduce the greatest uncertainty in the current white dwarf cooling models. This is essential for our goal of using the white dwarf stars as independent chronometers to study the history of the Galaxy.
Some thoughts on where are we going, and how we might get there
The discovery of new classes of pulsating variable stars always leads us to ask at least five fundamental questions. First, we ask if there is an instability strip associated with the stars in the H-R diagram -so that we are able to say that all variables of this For the compact pulsators (white dwarf and pre-white dwarf stars) we have answered the first, second and part of the third question. See Fig. 1 for an indication of the location of the compact pulsators in the H-R diagram. We note that RXJ 2117 links the PNNVs with the DOVs. It has periods intermediate between the two classes and an apparently old and extended nebula, expected on theoretical grounds prior to its discovery. We have now established that all of the classes of compact pulsators, including the PNNVs, exhibit variations due to the excitation of nonradial g-mode pulsations. This is not to say that only nonradial g-modes are observed. There may be other types of modes present in these stars. Further, we are confident that the driving mechanism in the DAV stars is the partial ionization (hereafter p-i) of hydrogen, and for the DBV stars it is p-i of helium. In the DOV stars, we expect that partial ionization of C/0 plays an important role, but this needs to be better established. The difficulty for the DOV and PNNV stars is in obtaining C/0 p-i in a layer massive enough to sustain pulsations with periods of 100-1000 s. The nature of the red edges of the instability strips, however, remains completely unknown, along with the answers to the fourth and fifth questions. We must consider how to use all of the observable information in order to answer our remaining questions.
The shape of the pulses in light curves
Perhaps the aspect of the white dwarf pulsators, with which we have the most direct experience, is their pulse shapes. We watch the screen as the data come in, and the shape of the light curve becomes as familiar as the face of an old friend. Ironically, we have done very little quantitatively, or qualitatively, with the pulse shapes. We were surprised recently, during a discussion in the WET lab in Austin, to discover that the white dwarf pulsators exhibit only two distinct pulse shapes.
The two distinct shapes are illustrated in the two panels of Fig. 1 . Hereafter we will refer to the bottom panel as type I, and the top panel as type II. Both types of light curves have sharp peaks, or maxima, although the type II maxima are narrower (sharper). Most striking is the saw-tooth character of the type I curves, with the sharp minima, compared with the blunt, rounded minima of the type II curves. We have not yet had the opportunity to investigate light curves of the PNNV stars extensively, but all available data examined so far indicates that they exhibit only type I pulse shapes. For this reason we exclude the pre-white dwarf pulsators from the remaining discussion and include only the DAV and DBV stars.
Among the 30 currently known DAV and DBV stars, all but one can easily be classified by their light-curves as type I or II. It is very important to note that neither of the two types has a linear pulse-shape. In the past we have often referred to the large-amplitude pulsators as non-linear, and the small amplitude pulsators as linear.
In light of our current data this is not only wrong, it is misleading. Witness that the DAV G 117-B15A, for example, has a type I light curve as well as harmonics and linear combination frequencies present in the Fourier transform (e.g. Kepler et al. these proceedings, and Brassard et al. 1993 Brassard et al. , 1995 .
The type I pulsators are relatively lower amplitude and the type II higher -hence the motivation for the historical classification of linear and non-linear. There is a clear period-amplitude relation (see for example Clemens' paper in the last workshop proceedings, and the next subsection below). Perhaps more fundamental than amplitude is the period, and hence the fc-value implied for the pulsations. The short period (low k) pulsations have type I pulse shapes, and the long period (high k) pulsations have type II shapes. Interestingly, G29-38 (and perhaps other stars as well) switches from light curves dominated by high k pulsations to light curves dominated by low k modes (Fig. 1) . When this switch happens, it changes from type II to type I, and the switch is very clean. We have used Kleinman's (see these proceedings) light curves to illustrate both types. It is also interesting, that the only star with a light-curve difficult to classify according to this scheme is G 207-9, and it has both high and low k modes present simultaneously (McGraw and Robinson 1976) . The discovery of the new low k DBV (see O'Donoghue et al. in these proceedings and Monthly Notices, in press) is important in that it is the only low k DBV yet known, and it has a type I light curve; the other DBV stars all have type II light curves. This demonstrates that this classification scheme, and whatever physics is behind it, apply to both DAV and DBV stars.
At least qualitatively, we can describe the difference between the two pulse shapes in terms of the relative phase of the harmonic to the fundamental. If they are at or near maximum at the same time then we get type I pulse shapes. When the harmonic is at or near a minimum, this lag is produced by enhanced ionization at maximum compression (see e.g. Cox 1980 , Unno et al. 1989 . Once a pulsation reaches the point that complete (or near-complete) ionization occurs at maximum compression, further driving is not possible, and the mode cannot continue to grow. This allows us to understand the period-amplitude relation in a simple way, and is consistent with the evidence noted in the sub-section above, that the non-linearities arise in the driving region. It also helps us understand the observational result that both type I and type II pulsations show evidence of nonlinearities, independent of the large differences in amplitude.
Observational challenges
In this and the following subsection, I give an, admittedly incomplete, list of critical problems which must be addressed observationally and theoretically. Note that the last three items in the theoretical list are related to non-linear aspects of the pulsations. This is not to say, however, that we cannot hope to make some inroads on these subjects with straightforward extensions of our linear theory as suggested above. 1. We must increase our sampling of time-scales. Currently we are restricted to times of order one WET run, or season-to-season changes, and comparatively blind to anything in between. 2. We must work towards a more realistic window for our data, if we are to properly exploit the information contained in the fine-structure. This includes effects of varying detectors and telescopes.
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